While many high-level cortical areas have been implicated in timing, timing activity has also been observed even in the earliest cortical stages of the visual system over the past decade. This activity has been formally modeled as one arising from a reinforcement signal, leading to testable hypotheses with recent experimental support, demonstrating the necessity and sufficiency of that reinforcement signal. As observed in other cortical areas implicated in timing, interval timing activity within the visual cortex abides by the temporal scalar property. Finally, perturbations of the visual cortex during interval timing results in lawful shifts in timing. These and related observations advance the notion that visual cortex is a substrate for learning and expressing visually associated temporal expectations governing behaviourally relevant actions.
Introduction
An understanding of how the brain apprehends the passage of time, remembers relevant intervals, and produces those intervals to inform appropriately timed actions remains elusive despite much progress toward this goal, as reviewed within this issue, at the experimental, computational, and theoretical levels [1] [2] [3] [4] . While it is recognized that any time varying neural process could in principle serve to mark the passage of time [5] , one of the fundamental challenges faced by experimenters is in distinguishing between neural activity arising from any ongoing process from that which is truly used as a timing signal. Below we identify a number of qualities observable experimentally that increase the likelihood that a neural pattern of activity in visual cortex -and in cortex generally -is an expression of how the brain apprehends, remembers, and produces temporal intervals; namely, a (1) phenomenological description of activity subtending and/or marking the expiry of the interval to be timed, (2) dissociation between putative neural-timing activity and behavioral-timing activity, (3) formalization of how, in principle, such neural timing may arise, (4) manipulation of the biological instantiation of that theorized process, (5) localization of that process to the area of interest, (6) generation of neural activity that can give rise to the temporal scalar property, and (7) a causal demonstration of the behavioral relevance of that neural activity (see Figure 1 ). Using reports of cued-interval timing in the visual cortex and its mechanistic investigation as a vehicle, we identify general challenges to, and potential approaches for, identifying and understanding the genesis of cortical timing signals.
Phenomenological report of interval timing and dissociation of neural/behavioral activity
Identifying candidate interval timing signals in cortex begins with phenomenological reports of neural activity that modulate predictably in time in response to a cue (such as in reporting a hazard function) or subtends/demarcates the expiry of an interval of interest (such as a delay to reward). Within visual cortical areas, examples of neural activity tracking visually cued hazard functions have been observed in modulations of single unit spiking in monkey V4 [6] , gamma oscillations in monkey V1 [7] , and BOLD signaling in human V1, 2 & 3 [8] . With respect to reporting the expiry of an interval of interest, such as a delayed reward, is the report of 'reward timing' in V1 of rodents, wherein pairing visual cues with subsequent reward leads to the emergence of cue-evoked neural responses that express the typical delay to reward [9 ,10 ,11,12] . Trials in which reward is expected but withheld can then be used to assess whether changes in neural activation at the time of expected reward is a consequence of the interval elapsing (as observed in V1), or, more trivially, as a direct response to the acquisition of reward itself. As noted, however, an abiding challenge is in distinguishing between putative timing signals and those that may arise as a consequence of actions [13, 14, 15 ], measured or not, that are used during the report of the expiry of the interval. Therefore, the candidacy of a timing signal can be further advanced by assessing whether it can be evoked (as in the case of reward timing [11] even in the absence of producing task-relevant actions (e.g. licking for reward), or otherwise dissociating those actions from neurally encoded intervals [9 ,10 ,15 ] . The identification of candidate timing signals expressing (1) a relation to the interval of interest, (2) an insensitivity to the presence/absence of outcomes, and/ or (3) an insensitivity to the actions terminating the interval, then well-motivate a computational investigation into how such neural response profiles may come about.
